Manual lifting is common in some occupational groups with substantial rates of injuries. Risk and safety management are therefore become important issues in such workplaces. This study proposed a Fuzzy Logic Expert System (FLES) for manual material lifting risk evaluation. The objective is to develop a fuzzy rule based Expert System which traditional methods are unable to offer effectively. The FLES, implemented in MATLAB (version 7.8), used load (kg), posture (degree), and frequency of lift (lift/min) as inputs variables and risk as the output variable. The algorithm of the inference engine applied sets of rules to generate the output. The validation process between Human Experts' Calculation (HEC) and FLES risk values indicated a correlation coefficient of 0.91. The result shows a linear relationship between HEC and FLES risk values. Hence the FLES is capable of generating results of the same quality as the ones provided by human experts. It allows inference to be performed in a more natural way using linguistic variables. It is very simple and computationally inexpensive.
Introduction
The fuzzy logics belong among methods that are used in the area of decision makings (Petr, 2010) . According to Zaheeruddin (2007) , fuzzy logic technique has successfully applied to many real world problems in various branches of science and engineering. The method is highly accepted in industrial applications; it has considered applications on the ergonomics aspects (Aluclu et al., 2008) . Kahraman (2006) listed major areas of engineering to which fuzzy set theory can contribute; Control and Reliability, Engineering Economics and Investment Analysis, Group and Multi-criteria Decision-making, Human Factors Engineering and Ergonomics, Manufacturing Systems and Technology Management, Optimization Techniques, and Statistical Decision-making. Application of fuzzy modeling to ergonomics was carried out by Aman et al. (2011) to minimizing MSDs in Lathe machine workers using frequency of lift and lifting height as input variables. Abdullah and Tahir (2010) applied combination of probability and fuzzy set theory to handle the uncertainties in health risk assessment. Fonseca et al. (2011) used fuzzy reasoning algorithm to assess and predict cumulative trauma disorders occurrence in workplace. Crumpton et al. (1997) applied fuzzy modeling techniques to develop a model for evaluating fatigue using data from several estimators of fatigue. These studies included application of fuzzy modeling to various occupational settings including risks of nursing injuries and an array of cumulative trauma disorders. Close to four decades after its conception, today fuzzy logic is a precise logic of imprecision and approximate reasoning, which shows to be more effective than an attempt at the formalization/mechanization of human reasoning capabilities (Zadeh, 2008) . Fuzzy sets approaches are usually most appropriate when human evaluations and the modeling of human knowledge are needed (Kahraman, 2006) . One of the advantages is that the linguistic variables are used. Analogously man makes decision during mental and physical activities. Fuzzy technique is an effective tool which has been shown to provide more accurate and reliable results compared to the usual traditional techniques of risk evaluation (Kahraman, 2006) . It has high abilities in the prediction and modeling of human knowledge. It can be applied to quantitative and qualitative factors (Hani, 2012) . The focus of attention of this study is the evaluation of risk involved in manual material lifting task using fuzzy logic technique. This approach shows some advantages in risk evaluation as it allows available expert knowledge to be added.
Research problem
There are several limitations with the traditional methods of risk evaluation; measurement of work activities rely upon manual on-site observations which are time-consuming and inefficient; site observation and surveys require experts involvement for a long periods of time; it demands a lot of manpower and resources; self-reporting becomes increasingly inaccurate over time as workers lose interest and patience in reporting. It was stated that to address these limitations, there is need for automatic and economical methods to obtain necessary information while requiring less human involvement (Chunxia and SangHyun, 1991; Burdorf, 1992; Dan et al., 2007 ; El-Ahrache et al., 2010). It is expected that reasoning based on fuzzy models will provide an alternative way of handling various kinds of imprecise data, which often reflects the way people think and make judgments (Ramjeet and Vijendra, 2011).
The aim and objective of the proposed study
The objective of the proposed study is to develop a fuzzy rule based Expert System for manual material lifting risk evaluation which traditional methods are unable to offer effectively. The study aimed to find out if;
1. there is any difference between human experts' calculated (HEC) risk evaluation and fuzzy logic risk evaluation technique. 2. there is any difference in assessment results between human experts' opinions and that of the fuzzy logic evaluation technique.
Materials and methods

Fuzzy logic
Fuzzy logic is a branch of logic specially designed for representing knowledge and human reasoning in such a way that it is amenable to processing by a computer. Thus, it is applicable to artificial intelligence, control engineering, and expert systems (Padhy, 2005) .
indicates the degree to which x is a member of the fuzzy set A. This membership degree indicates the compatibility degree of the assertion "x is A".
[ ]
If one assumes that A and B are two fuzzy subsets of X, their standard intersection, union and complement are also fuzzy sets given by:
Where A is the negation of A (not A).
Intersection, union and complement defined above are fuzzy operators that one can use to combine fuzzy variables to form fuzzy expressions, as aggregating fuzzy rules.
Membership function
There are some typical shapes for membership functions of fuzzy sets, such as trapezoidal, bell or gaussian, triangular, Z -shape and S -shape of which it is possible to evaluate the degree of membership of some observed data (Pamela et al., 2006) . In this study we have used trapezoidal membership function for converting the crisp set into fuzzy set. Trapezoidal fuzzy numbers of the form (a, b, c, d) are more generalized form of membership functions and the most generic class of fuzzy numbers with linear membership function. This class of fuzzy numbers has more applicability in modeling linear uncertainty in scientific and applied engineering problems (Bansal, 2011) 
Expert System
An expert System is a set of program that manipulates encoded knowledge to solve problem in a specialized domain that normally requires human expertise (Patterson, 2006) . Expert System knowledge is obtained from expert sources, from specialists or other sources of expertise such as texts, journal articles and database. It uses symbolic representations for knowledge (e.g rules) and performs their inference through symbolic computation that closely resembles manipulations of natural language (Ramjeet and Vijendra, 2011). 
Study area and data collection 3.1 Description of study area
The five construction sites used for this study were located in southwestern Nigeria. 
Data collection for development of the fuzzy logic expert system
In this study, we have proposed a FLES for manual material lifting risk evaluation. As shown in figure 3 , there are three input variables considered. They are potential risk factors in manual material lifting work. These included posture (degree), frequency of lift (lift/min) and load (kg) (Da-Costa and Ramos, 2010; GWADCCP, 2010; Lenore, 2004; Sturmer et al., 1997). To ensure reliability as stated by Waters et al. (1994) , trained personnel were involved in the measurement of the variables. Posture, Frequency and load were measured with goniometer, stopwatch and weighing scale respectively. The selected tasks were based on; manual material lifting performed regularly with at least 30 lift in a day; task performed for a long time without major changes in pattern; task that conform to the application of the Recommended Weight Limit (e.g. which does not involve one-handed or seated lifting, handling unstable objects, none required of significant amount of non-lifting physical demands). The tasks which required significant energy expenditure including pushing, pulling, carrying, walking and climbing were not included. The study involved one hundred and twenty (120) male workers and all categories of workers in the study area were considered. The output variable called risk value was determined by fuzzy logic.
Figure 3:
Fuzzy logic expert system for manual material lifting risk evaluation
Manual material lifting risk evaluation with fuzzy logic expert system
Manual material lifting risk evaluation with FLES comprised with three steps 1. Fuzzification of inputs task variables and output risk value. 2. Determination of application rules and inference method. 3. Defuzzification of risk value.
Fuzzification of manual material lifting task variables and risk value
Fuzzification was carried out using input variables and their membership functions of fuzzy sets. Each worker has three input variables of the fuzzy logic based expert system. Each input variable has five trapezoidal membership functions. The fuzzy sets of the input variables, posture, load and frequency are given in Table 1 , 2 and 3 respectively and the inputs membership functions are shown in figure 4, 5 and 6 respectively: The output variable, which is the risk value, has five membership functions. The fuzzy set of output variables are shown in Table 4 and the output membership functions are shown in Figure 7 
Rules and inference generation
The rules used in this study are linguistic and are inform of "IF-THEN". With the three inputs and five linguistic values for each, there are at most 53 =125 possible rules (all possible combinations of premise linguistic values). Some of the base rules are as follows: 
If (Posture is LD) and (Frequency is LF) and (Load is NL) then (Risk is NR) 2. If (Posture is LD) and (Frequency is MF) and (Load is NL) then (Risk is LR)
If (Posture is LD) and (Frequency is HF) and (Load is NL) then (Risk is LR) 4. If (Posture is LD) and (Frequency is VHF) and (Load is NL) then (Risk is MR) 5. If (Posture is LD) and (Frequency is EHF) and (Load is NL) then (Risk is MR) 6. If (Posture is AHD) and (Frequency is LF) and (Load is NL) then (Risk is NR) 7. If (Posture is AHD) and (Frequency is MF) and (Load is NL) then (Risk is LR
is VHD) and (Frequency is EHF) and (Load is EHL) then (Risk is VHR) 121. If (Posture is EHD) and (Frequency is LF) and (Load is EHL) then (Risk is VHR) 122. If (Posture is EHD) and (Frequency is MF) and (Load is EHL) then (Risk is VHR) 123. If (Posture is EHD) and (Frequency is HF) and (Load is EHL) then (Risk is VHR) 124. If (Posture is EHD) and (Frequency is VHF) and (Load is EHL) then (Risk is VHR) 125. If (Posture is EHD) and (Frequency is EHF) and (Load is EHL) then (Risk is VHR)
Method proposed by Mamdami is adopted in this study as given below
This expression determines an output membership function value for each active rule. When one rule is active, an AND operation is applied between inputs and the smaller input value is chosen. Its membership value is determined as membership value of the output for that rule.
Calculation of risk value
After completing the fuzzy decision process, the fuzzy number obtained is converted to a crisp value by the process known as Defuzzification. A centre of area (Centroid) technique reported by Padhy (2005) as one of the most common methods was adopted in the study. The crisp value is calculated with the formula: 
Validation
For the purpose of validation, out of the one hundred and twenty (120) healthy male construction workers who participated in the study, twenty-five (25) samples of the data were used by three (3) professionals qualified in ergonomics to calculate Lifting Index (LI) for the various manual material lifting tasks considered in the study using NIOSH lifting equation as reported by Waters et al. (1993) . Lifting Index is the ratio of the actual load weight and the recommended weight limit (Waters, 2006) . According to NIOSH (2009), the LI can be used to assess the relative risk of different lifting tasks. LI is divided into five categories: LI = 0 (No risk), LI = 0 -1(low risk), LI = 1 -2 (medium risk), LI = 2 -3 (high risk) and LI = greater than 3 (Very high risk) (Waters et al., 1999) . The risk value generated using FLES for the 25 sample data, were compared with the human experts' calculated (HEC) values.
Results and discussion
The mean of the HEC values and their opinions on the level of risk associated with the manual material lifting task were presented in table 5. The Fuzzy Logic Expert System, implemented in MATLAB (version 7.8), was tested with 25 subjects. For each worker all the three variables were fuzzified by means of the trapezoidal membership functions. Active membership functions were calculated according to rule table, using the Mamdami Techniques. The output (risk value) was calculated and then defuzzified by calculating the center (centriod) of the resulting geometrical shape. This sequence was repeated for each subject. The risk values generated by this procedure are presented in Table 6 . The table also displayed the FLES opinions as regards the risk associated with the manual material lifting task whose main risk factors' variables were stated. One of the reasons behind these divergences could be as a result of some other factors which may be considered by the human experts while using NIOSH lifting equation for their calculations but not made available for the FLES data base. However despite the level of divergence recorded, the Spearman's rho correlation coefficient of 0.91 was found to exist between the risk values of HEC and FLES. In this study a fuzzy logic expert system was purported to evaluate the risk involve in manual material lifting tasks based on three main risk factors' variables of awkward posture, frequency of lift and the weight of material lifted (load). Unlike the ordinary set theory which is governed by binary principles such that a variable either belongs to a set, which would indicate a membership value of 1 or it does not belong to the set and maintains a membership value of 0. Fuzzy set theory does not restrict variable conditions to these rigid guidelines. Instead, it deals with the imprecision associated with many variables by permitting a grade of membership to be defined over the interval (0, 1). The main advantage of using the FLES is that its values do not change with time. This is not same for human experts' opinions. Human experts could make some computational error and may provide different opinion for risk of manual material lift under the same condition depending on their feelings. This is not likely with the use of FLES. Going by the strong correlation between the FLES and the HEC values, fuzzy set theory is therefore a proven technique for handling uncertainty in this application area.
Conclusion
In this study, we have proposed a technique for evaluating manual material lifting risks. The FLES is capable of generating results of the same quality as the ones provided by human experts. The fuzzy expert system is very simple and inexpensive. It can be a valuable tool that has encouraging results in bridging the gap between human-based and computer based calculation in risks assessments. It can improve the outcomes and efficiency for decision makers. The system can find its applications in work places where materials are manually lifted in conformity to the application of the Recommended Weight Limit. We foresee that this development will increase evaluation effectiveness in risk assessment.
